INTRODUCTION
Studies focused on the genetic characterization of species and breeds of domestic animals have a wide range of possible applications. These studies have been carried out to investigate the origin and course of domestication of different species and breeds (Braend and Roed, 1987; Tanabe, 1990; Troy, 2001 ; Savolainen et al, 2002) , to characterize the breeds and lines (by estimation of genetic drift and distance) (Pihkanen et al, 1996; Tsuda et al, 1997) , to design adequate breeding programs based upon the identification of genes which control economically relevant traits (Christensen et al, 1985; Andersson et al, 1987) , for parentage control (Juneja et al,1987; Dostal and Stratil, 1994; Garcia et al, 2002) , etc. Genetic characterization of autochthonous breeds in different geographical localities is of particular importance. Some autochthonous breeds of sheep (Jovanovi} et al, 1988) , pigs (Jovanovi}, 1982) , goats (Savi} et al, 1995) , and horses (Trailovi} et al, 1994) in our country have already been genetically characterized based upon analysis of protein polymorphism. To date, however, no analysis of the genetics of autochthonous dog breeds in the region has been undertaken.
The Yugoslav shepherd dog is believed to be between 1600 -2200 years old and, thus, is considered as the oldest autochthonous dog breed in the Balkan peninsula (Dimitrijevi}, 1997) . The breed was recognised by the F.C.I (Federation Cynologique Internationale) in 1939 under the name Illyrian Shepherd dog. In 1957, at the request of JKS (Yugoslav association), F.C.I. accepted to change the name into Yugoslav shepherd dog -[arplaninac after the [arplanina Mountain Range, where it is most common. Two countries, Serbia and Macedonia, are currently listed as countries of origin of this breed by the F.C.I. The exact ancestors and the origin of the Yugolsav shepherd dog still remain controversial. Great Tibetan Mastiff, ancient moloscian dogs of Greece, ancient roman dogs, and the livestock guarding dogs of Turkey have all been suggested as possible ancestors for the Yugoslav shepherd dog. It seems likely that the dogs of this breed had come from Asia to Europe and the Balkans, alongside the cattle herded by the migrating people. Upon arrival to the Balkans, these dogs maintained their existence and developed as a breed in the specific settings of [arplanina, Korab, Jablanica and Pelister. The original breed type has been maintained in these regions, where extensive sheep breeding is still prevalent, with this dog as an irreplaceable herding dog and protector of sheep herds against predatory animals.
The aim of this study was to provide the first insight into the genetic constitution of the Yugoslav shepherd dog based upon analysis of blood proteins and enzyme polymorphism.
MATERIAL AND METHODS

Study population
A total of 60 Yugoslav shepherd dogs were used in this study. All dogs were bred in the Center for Dog Breeding, Ni{.
Blood samples collection
Blood samples (10 ml) with EDTA were collected by venipuncture of v. cephalicae antebrachii. Plasma and erythrocytes were separated by centrifugation at 3500 rpm over 10 minutes. Subsequently, the red cells were washed three times in physiological saline and hemolyzed by adding an equal volume of distilled water. All samples were stored at -20 o C until electrophoretical investigation. 
Analysis of protein polymorphism
For the purposes of genetic characterization of the Yugoslav shepherd dog, polymorphism of the following five blood proteins and enzymes was analyzed: hemoglobin (Hb), acid phosphatase (Acp), superoxide dismutaze (Sod), albumin (Al), and transferrine (Tf). The Hb, Acp, and Sod types were analyzed by vertical polyacrylamide gel electrophoresis (PAGE) in discontinuous tris-citrate buffer system, while vertical PAGE in continuous tris-citrate buffer system was used for detection of Al and Tf polymorphism (Pasteur et al, 1988) . Considering that Hb is a stained protein, no specific staining technique was required for analysis of HB types. Detection of Sod types was achieved by nitroblue tetrazolium stain (BioRad Laboratories, USA) in accordance to the method of Beakchamp and Fridovich (1971) . The Acp, Al, and Tf gels were stained by coomassie blue R-250 (Bio-Rad Laboratories, USA) (Pasteur et al, 1988) .
Statistical analyses
Gene frequencies were established by direct counting from the phenotypes and the homogeneity index was calculated. In order to assess the genetic equilibrium in the study population, Hardy-Weinberg equilibrium was performed on phenotypes deduced from the counted gene frequencies. The differences between phenotype frequencies expected in accordance with Hardy-Weinberg equilibrium and those observed in the study population were evaluated by c 2 test. p values that were less than 0.05 were considered significant.
RESULTS AND DISCUSSION
Hb polymorphism
Evaluation of Hb polymorphism in blood of the Yugoslav shepherd dog revealed only one allelic product, namely phenotype B. The phenotype is characterized by the presence of two bands and presents the phenotypic expression of HbBB homozygous type. The obtained results are consistent with the results of previous studies since Hb locus did not show polymorphism in any of European breeds tested, nor in the majority of oriental dog breeds (Simonsen, 1976; Braend, 1987) . Additional two Hb phenotypes, namely A and AB phenotypes, were established only in Japanese native dog breeds (Tanabe et al, 1978) . Quite understandably, the gene frequency established for the population of Yugoslav shepherd dog was identical to gene frequencies established in the previously examined European and oriental dog breeds. As already noted, Japanese native breeds did not correspond to this uniform distribution (Tanabe et al, 1978) since frequency of allelic gene Hb A in these breeds ranged from 0.000 (Shikoku) to 0.290 (San'in-Shiba). This discrepancy is primarily attributed to the specific genetic background of these breeds (Tanabe et al, 1991) , which most probably includes the influence of genes originating from an ancestral dog line brought from the Korean peninsula. It is noteworthy that similar inconsistencies have already been noted in Japanese native breeds for other loci, such as Acp 
Acp polymorphism
The analysis of erythrocyte Acp in the Yugoslav shepherd dog detected only two of the expected three (FF, FS, and SS) phenotypes. Homozygous form AcpFF was not established within the studied population. Acp S allelic gene displayed a significantly higher frequency than Acp F (Table 1) which has also been shown in other dog breeds (Braend and Austad, 1973; Elliot and Wong, 1973) . Although the values of gene frequencies established in different studies were similar, there is a difference among phenotype distribution patterns. Two distinct phenotypes, FS and SS were found in the population of Yugoslav shepherd dog. All three theoretically possible phenotypes (FF, FS, and SS) were observed only in the breed Labrador retriever, while examination of German shepherd and German pointer revealed only one phenotype, namely SS (Braend and Austad, 1973) . It is interesting to note that the study concerning biochemical genetic variability in race hounds did not establish any biochemical variation in Acp (Scherer and Kluge, 1993). (Muller et al, 1987; Scherer and Kluge, 1993) . The most probable explanation for high level of Sod B occurrence in the tested population is genetic drift. It seems reasonable to assume that intensive breeding within a limited area and population resulted in unbalanced distribution of SodB allele originating from a relatively small number of males widely used as sires. (Christensen et al, 1985) . A higher frequency of the Al F allele in short-legged breeds and predominance of the Al S allele in long-legged breeds documented it. Al S frequency ranged from 0.560 in German shepherd dog to 1.000 in the German Dane, Basenji and Siberian husky (Christensen et al, 1985) . In contrast to these findings, the study investigating protein polymorphism in race hounds did not establish the correlation between Al type and leg length (Scherer and Kluge, 1993) . Given the Al S frequency of 0.700 established in the Yugoslav shepherd dog, the results of the present study strongly support the hypothesis on the positive correlation between Al S frequency and leg length. Tanabe (1990) proved all five Tf allelic genes, but not within one dog breed. Yugoslav shepherd dog is the only dog breed which displayed all five Tf loci and thus exhibited the maximal polymorphism of this highly heterogeneous marker. In addition, a specific distribution of allelic gene frequencies was also established within the observed population. In the majority of other examined dog breeds, allelic genes Tf B and Tf C were found to appear most frequently (Juneja et al, 1981; Komatsuzaki, 1983; Braend and Andersen, 1987; Tanabe, 1990) . In contrast to these studies, the highest gene frequencies were registered for allelic genes Tf B and Tf D within the studied population of the Yugoslav shepherd dog. We presume that this discrepancy is most probably related to genetic drift i.e. to specific breeding of Yugoslav shepherd dog within a restricted area where this breed has differentiated over the centuries. Homogeneity index for Sod, Acp, Al, and Tf loci was calculated upon the number of established allelic genes for each locus and the corresponding gene frequencies (Table 5) . Homogeneity index for Hb locus was not evaluated since the present study showed only one homozygous form of this protein in the Yugoslav shepherd dog. Out of four loci, which showed polymorphism in the studied population, the highest homogeneity index was established for Acp locus. Values of homogeneity indices for Al and Tf loci were significantly lower. Thus, protein markers displaying high polymorphism in the Yugoslav shepherd dog were identified, this provides guidelines for future biochemical genetic variability investigation in this breed. Upon the calculated allelic frequencies it was shown that the population of Yugoslav shepherd dog was in genetic equilibrium at Hb, Acp, and Al loci, while significant deviations from Hardy-Weinberg equilibrium were detected at Sod and Tf loci. The established imbalance to Hardy-Weinberg law at these two loci may be attributed to genetic drift, mutation, migration or crossbreeding. As already stated, we presume that the most prominent factor affecting genetic equilibrium was genetic drift. It is noteworthy, however, that crossbreeding of the Yugoslav shepherd dog with various dog breeds has become a common breeding practice over the last decades and, therefore, should also be considered as a factor of possible importance. Such mixing may lead to a serious disbalance in the genetic constitution of the breed, outbreed depression, and deprivation of major biological features of the breed.
Our study provided the first insight into the genetic structure of the Yugoslav shepherd dog and enabled comparison of the genetic constitution of this breed with dog breeds which have already been genetically characterized. In order to preserve the endogenous genetic pool and original characteristics of the Yugoslav shepherd dog, and to assess the possibly detrimental effects of crossbreeding which has already been undertaken, further investigation into genetic structure of this breed based upon molecular techniques is currently underway in our laboratory. Na osnovu izra~una-tih vrednosti indeksa homogenosti, ustanovljeni su izrazito polimorfni proteinski markeri {to je od zna~aja za budu}e studije genetske karakterizacije jugoslovenskog ov~arskog psa. Dokazano je da se ispitivana populacija pasa u odnosu na Sod i Tf lokus ne nalazi u geneti~koj ravnote`i. Faktor koji je primarno uticao na stanje geneti~ke ravnote`e je geneti~ki drift, ali je i ukr{tanje faktor od potencijalno velikog zna~aja. 
